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HIGH INTEGRITY POLYESTER STRAPPING J 0/ 510550 

FIELD OF THE INVENTION 
This invention relates to improved polyester strapping useful for binding 
pallets, bales, large boxes and the like. In particular, the invention relates to polyester 
strapping having improved resistance to splitting in the longitudinal direction, while under 
tension, and improved weldability. 
5 BACKGROUND OF THE INVENTION 

Strapping made of metal or high strength plastic has long been used to secure 
the packaging of heavy boxes, pallets loaded with bricks and other heavy objects, large textile 
bales, and other packaging applications which require high strength reinforcement. Common 
materials used for the strapping include metal, polyester and polypropylene. Metal strapping 

10 is quite strong, but is also relatively expensive. Polypropylene strapping is less expensive, but 
may stretch longitudinally and loosen when under high tension. Polyester strapping is less 
expensive than metal strapping, is very strong, and is not easily stretched. For this reason, 
polyester strapping is useful in a wide variety of reinforcing applications. 

Polyester strapping is commonly produced by forming continuous strips of 

15 polyester using a spinneret or other extrusion die, and molecularly orienting the strips in the 
longitudinal direction under conditions of heat and tension. The molecular orientation 
increases the strength of the strapping in the longitudinal direction. However, as the polyester 
molecules become more aligned in the longitudinal (machine) direction, they become less 
entangled in the lateral (transverse) direction. As a result, the increased strength of the 

20 strapping in the longitudinal direction resulting from the orientation, comes at the expense of 
reduced strength in the lateral direction. When the polyester strapping is pulled tight in the 
longitudinal direction during use, the resulting necking and bending stresses in the lateral 
direction may render the polyester strapping more susceptible to split in the longitudinal 
direction along a substantial length, ranging from a few centimeters to one meter or more. 

25 Various attempts have been made to reduce the longitudinal splitting of 

polyester strapping by adding elastomeric ingredients or subjecting the strap to specialized 
processing, for instance, as described in U.S. Patent 6,210,769. To date, these attempts have 
not resulted in a practical, cost effective technology to reduce split. 
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SUMMARY OF THE INVENTION 
The present invention is directed to polyester strapping which contains 
polyester and less than 3% by weight of a polyolefin additive selected from reactive or non- 
reactive linear low density polyethylene, branched low density polyethylene, high density 
5 polyethylene, polypropylene and combinations of the materials. The polyolefin can be used 
alone or in combination with other (e.g., conventional) additives, provided that the total 
additive concentration is less than 8% by weight, and the amount of polyester is more than 
92% by weight of the polyester strapping. Some of the other suitable additives are listed 
below. 

10 The polyester strapping of the invention has been shown to exhibit increased 

resistance to longitudinal splitting. Because the polyolefin additive is used in amounts of less 
than 3% by weight, it does not significantly affect the high strength and low stretchability of 
the polyester strapping in the longitudinal direction. 

The present invention is also directed to a process for making polyester 
15 strapping according to the composition of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic view of a process for making polyester strapping 
according to the invention. 

FIG. 2 is a schematic view of an extruder feed throat arrangement useful in the 
20 process of the invention. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

The present invention is directed to polyester strapping having improved 

integrity, and a process for making it. The polyester strapping is composed primarily of a 

25 polyester. Desirably, the polyester is selected from polyethylene terephthalate, polybutylene 
terephthalate, polyethylene naphthalate, polyethylene isophthalate, and copolymers and 
combinations thereof. Preferably, the polyester is polyethylene terephthalate. The polyester 
may have an intrinsic viscosity of about 0.7-1.2 measured using the Goodyear Solution IV test 
method. The test is equivalent to ASTM D-2857 for Dilute Solution Viscosity of Polymers. 

3 0 The polyester constitutes more than 92% by weight of the polyester strapping. 

The polyester desirably constitutes more than 94%, more desirably more than 97% by weight 
of the polyester strapping, for instance, from 97.2-99.8% by weight of the polyester strapping. 
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For example, the polyester may constitute from 98.0-99.6% by weight of the polyester 

strapping, for instance from 98.5-99.5% by weight of the polyester strapping. 

The polyester strapping also includes a polyolefin additive selected from linear 

low density polyethylene, branched low density polyethylene, high density polyethylene, 
5 polypropylene, and combinations thereof. The polyolefin may be reactive or non-reactive. 

Polyolefins are generally non-reactive, but can be rendered reactive by chemical modification 

(grafting) with a polar monomer as described below. 

The term "low density polyethylene" refers to homopolymers of ethylene and 

copolymers of ethylene with up to 25% by weight of a C 3 to C 20 alpha-olefin comonomer, 
10 which have a density in the range of 0.860 to 0.935 grams/cm 3 . Desirably, the density is 

between 0.900-0.930 grams/cm 3 , preferably between 0.910-0.925 grams/cm 3 . 

The term "linear low density polyethylene" refers to low density polyethylene 

copolymers as described above, whose main polymer chain is essentially linear with not more 

than 5 long chain branches per 1000 ethylene units. Long chain branches are defined as 
1 5 including carbon chains having longer than 1 0 carbon units. Depending on the density of the 

linear low density polyethylene, the comonomer may constitute from 3-25% by weight of the 

polymer, with lower comonomer contents generally representing linear polymers at the higher 

end of the density range. Examples of preferred comonomers are butylene, hexene and octene. 

The linear low density polyethylene may have a melt index of about 0.5-12 grams/10 min, 
20 suitably about 1-3 grams/10 min, measured using ASTM D1238 at 190°C with a load of 2.16 

kg. 

The term "branched low density polyethylene" refers to low density 
polyethylene homopolymers and copolymers as described above, having more than 5 long 
chain branches per 1000 ethylene units. The branched low density polyethylene may have the 

25 same melt index ranges described for linear low density polyethylene. 

The term "high density polyethylene" refers to polyethylene homopolymers and 
ethylene-alpha olefin copolymers having densities in excess of 0.935 grams/cm 3 , typically 
about 0.945-0.960 grams/cm 3 . The high density polyethylene may have the same melt index 
ranges described for linear low density polyethylene. 

30 The term "polypropylene" includes propylene homopolymers and propylene- 

alpha olefin copolymers containing up to 7% by weight of a C 2 or C 4 -C 10 alpha-olefin 
comonomer. The term does not include propylene-ethylene rubbers or similar materials 
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having higher comonomer contents. Polypropylenes typicaUy have densities of about 0.875- 
0.900 grams/cm 3 . The polypropylene may have a melt flow rate of about 1-20 grams/10 min, 
suitably about 2-10 grams/10 min, measured using ASTM D1238 at a temperature of 230°C 

and a load of 2.16 kg. 

The polyolefin additive constitutes less than 3% by weight of the polyester 
strapping, for instance, from 0.2-2.8% by weight of the polyester strapping. For example, the 
polyolefin additive may constitute from 0.4-2.0% by weight of the polyester strapping, for 
instance from 0.5-1.5% by weight of the polyester strapping. The preferred additive is linear 
low density polyethylene. Suitable linear low density polyethylenes include ESCORENE® 
1001.32 and 1002.32 ethylene-alpha olefin copolymers sold by the Exxon-Mobil Chemical 
Co. These polymers have melt indices of 1.0 and 2.0 grams/10 min., respectively, densities 
of about 0.918 grams/cm 3 , abutene comonomer, and can be added in the amounts described 
above. 

In many applications, the polyolefin will perform quite well in reducing or 
eliminating longitudinal splitting of the polyester strapping. In order to minimize cost, it is 
desired to employ the polyolefin in an unmodified form, as the only additive to the polyester. 
However, it is also within the scope of the invention to maximize the longitudinal split 
resistance and improve the weldability of the strapping in some of Ihe most difficult 
applications by a) chemically modifying some of the polyolefin additive to make it reactive 
with the polyester, and/or b) combining the polyolefin with one or more conventional 
additives. 

Chemical modification of the polyethylene maybe accomplished by grafting 
the polyolefin with about 0.1-3.0% by weight, desirably about 1.0-2.0% by weight of apolar 
monomer, based on the weight of the polyolefin, to produce a chemically modified (i.e., 
grafted) polyolefin. The chemical modification may be accomplished using conventional 
techniques, with the aid of heat in an extruder or other high temperature reactor, or with the 
aid of a catalyst in a solution reactor. Suitable polar monomers include maleic anhydride, 
maleic acid, acrylic acid and the like. When a chemically modified polyolefin is employed, 
it is desirably mixed with unmodified polyolefin in an amount of about 5-50% by weight 
modified polyolefin and 50-95% by weight unmodified polyolefin, preferably about 1 0-25% 
by weight modified polyolefin and 75-90% by weight unmodified polyolefin. In this 
embodiment, because both of the additive components are polyolefins, the total amount of 
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• chemically modified and unmodified polyolefins should be within the ranges stated above 
based on the weight of the polyester strapping. For instance, the total amount of polyolefin 
additives is less than 3% by weight of the polyester strapping, suitably 0.2-2.8% by weight, 
for example 0.4-2.0% by weight, for instance 0.5-1 .5% by weight. 
5 Commercially available chemicallymodifiedpolyethylenes are soldby Mitsui 

Petrochemical Co. under the trade name ADMER®, by Mitsui Petrochemical Co. under the 
trade name TAFMER®, by E.I. DuPont DeNemours & Co. under the trade name CXA®, and 
by Uniroyal Co. under the trade name CROMPTON®. 

Commercially available chemically modified polypropylenes include maleic 
10 anhydride-grafted polypropylene sold by Mitsui Petrochemical Co. under the trade name 
ADMER®, by Uniroyal Co. under the trade name CROMPTON®, and by E.I. DuPont 
DeNemours & Co. under the trade names CXA® and FUSABOND®. 
Alternatively, the polyolefin additive may be combined with a conventional elastomeric 
material additive. Elastomeric additives include propylene-ethylene copolymer rubbers 
15 (containing 40-80% by weight propylene and 20-60% by weight ethylene), propylene- 
ethylene-diene elastomers, styrene-butadiene elastomers, styrene-ethylene-propylene 
elastomers, styrene-ethylene-butene-styrene elastomers, and the like. When the elastomeric 
additives are employed, the total amount of polyolefin and elastomer additives should 
constitute less than 8% by weight of the polyester strapping, suitably less than 6% by weight 
20 of the polyester strapping. The elastomeric material may be used in an amount needed to 
provide the polyester strapping with optimum longitudinal split resistance without unduly 
reducing the longitudinal stretching resistance of the polyester strapping. One suitable family 
of elastomeric additives includes styrene-(ethylene-butylene)-styrene, styrene-butudiene- 
styrene, styrene-(ethylene-propylene)-styrene, and styrene-isoprene-styrene block copolymers 
25 sold by Kraton Polymers LLC under the trade name KRATON®. 

Styrene-based elastomeric additives, which can suitably added at about 0.5- 
2.0% by weight of the polyester strapping, include polystyrene alone or combined with 
styrene-butadiene compounds, as well as styrene-butylene copolymers, high impact 
polystyrene (e.g. polystyrene combined with butadiene rubber), and combinations thereof. 
30 Examples include MC6800 high impact polystyrene from Chevron Phillips Chemical Co., 
Polystyrene 147F from BASF, STYROLUX and STYROFLEX styrene-butadiene block 
copolymers from BASF. 
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Jh most instances, the total amount of polyolefin and other additives should not 
exceed 6% by weight of the polyester strapping, and the amount of polyolefin will be less than 
3% by weight of the strapping. 

The polyester strapping of the invention may have a width of about 0.5 cm to 
5 3.0 cm, desirably about 1 cm to about 2.5 cm, preferably about 1 .25 cm to about 2.0 cm. The 
polyester strapping may have a thickness of about 0.03 cm to about 0.20 cm, desirably about 
0.05 cm to about 0.15 cm, preferably about 0.08 cm to about 0.10 cm. The surface of the 
strapping may be plain and smooth, or may be embossed or printed with a suitable pattern or 
design. Depending on the end use application, each piece of strapping may have a length 

10 ranging from about 0.5 meter to 3 meters or more. 

Thepolyesterstrappmgtypicallymcludespolyestermoleculeswhichhavebeen 

oriented in the longitudinal direction of the strapping. Typically, the orientation is 
accomplished by heating a precursor strapping to a temperature which is above the softening 
point and below the melting point of the polyester, and stretching the precursor strapping to 
15 about 3-7 times its initial length, desirably to about 4-6 times its initial length. A suitable 
stretchingtemperature forpolyethylene terephthalate is about 130-170°C, desirably about 140- 
160°C. 

FIG. 1 schematically illustrates a process 10 for preparing polyester strapping 
according to the invention. Referring to FIG. 1, an extruder feed throat system 12 is used to 
20 feed polyester pellets and pellets of the polyolefin additive into an extruder 1 4. The details 
of the feed throat system will be discussed below with respect to FIG. 2. 

The extruder 14 melts the polyester and low density polyethylene, and mixes 
them together. The temperature inside the extruder is typically set at about 260-290°C, 
desirably about 275°C. For optimal extrusion performance and product properties, the 
25 polyester should have an intrinsic viscosity at 285°C of about 0.70-1 .20 deciliters per gram, 
desirably 0.73-1.10 deciliters per gram, measured using conventional techniques indicated 
above. The polyolefin additive should have a melt index or melt flow rate within the ranges 
indicated above. Other additives, if used, may have a wide variety of melt index and melt 
flow rates, measured by conventional methods. The extruder 14 may be a single screw or twin 
30 screw extruder, configured for the melting, mixing and conveying of polyester. 

The extruder 14 conveys the polyester composition to a die 16, where the 

i 

composition is extruded in the form of a strand 1 8, or a plurality of strands, into a water bath 



6 



WO 03/087200 PCT/US03/10314 

20. In alternative embodiments, the die 1 6 may be replaced with a plurality of dies, arranged 
in parallel, with each die 16 extruding one or more strands 18 into the water bath 20. The 
strand or strands 18 are typically rectangular in shape, corresponding to the shape of 
rectangular slot openings present in the face of the die. The water bath 20 is used to rapidly 
5 quench the strand, in order to niinimize the crystallization of the polyester. 

After being quenched, each strand 18 enters and passes through a first roller 
assembly 22, an oven 24, and a second roller assembly 26, which are collectively used for 
longitudinally orienting the strand 18. The first roller assembly 22 includes aplurality ofnip 
rollers 28, at least some of which are heated. The nip rollers 28 turn at a first surface velocity, 
1 0 with each roller turning in a direction which conveys the strand 1 8 forward. The strand 1 8 
winds around and between the nip rollers 28, and is preheated before passing through the oven 
24, and to the second roller assembly 26. The second roller assembly 26 includes a plurality 
ofnip rollers 30, at least some of which are heated. The nip rollers 30 turn at a second surface 
velocity which is faster than the first surface velocity of the nip rollers 28, causing longitudinal 
1 5 orientation of each strand 1 8 through the oven 24 and between the second set ofnip rollers 30. 

The first nip rollers 28, oven 24 and second nip rollers 30 are set to 
temperatures which facilitate heating and longitudinal orientation of each strand 18. Each 
strand 1 8 is typically longitudinally oriented by stretching to a length which is about 3-7 times 
its initial, unstretched length, desirably about 4-6 times its initial, unstretched length. 
20 Typically, about 80% of the stretching will take place in the oven 24, and about 20% of the 
stretching will take place in the second nip roller assembly 26. For instance, where it is 
desired to stretch a strand 1 8 to five times its initial length, the second nip rollers 30 will be 
set to turn at a second surface velocity which is five times as fast as the first surface velocity 
of the first nip rollers 28. The strand 18 will be stretched to about four times its initial, 
25 unstretched length in the oven 24, and slightly further, to about five times its initial, 
unstretched length, after leaving the oven 24. 

After leaving the second nip roller assembly 26, each strand 1 8 is subjected to 
an annealing process which includes a third nip roller assembly 32, a second oven 34, and a 
fourth nip roller assembly 36. The third nip roller assembly 32 includes a third set ofnip 
30 rollers 38, at least some of which are heated, which turn at a third surface velocity which is 
desirably about the same as the second surface velocity of the second nip rollers 30. The 
fourth nip roller assembly 36 includes a fourth set ofnip rollers 40, which may or may not be 
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heated, and which turn at a fourth surface velocity that is slightly less than the third surface 
velocity of the third set of nip rollers 38. The fourth surface velocity may be about 90% to less 
than 100% of the third surface velocity, and can be about 95% of the third surface velocity. 

The third nip rollers 38, oven 34 and fourth nip rollers 40 are set to 
temperatures which facilitate slight longitudinal direction annealing (shrinkage) of each strand 
18, for example to about 95% of its previously stretched length. The resulting polyester 
strapping, formed from the polyester andpolyolefin additive, is cooled and wound for storage 
and subsequent use. The polyester strapping has improved longitudinal split resistance due 
to the presence of the polyolefin additive. 

Other processes may also be used to make the polyester strapping including, 
for instance, a sheet extrusion process. In a sheet extrusion process, the polyester and additive 
composition is formed into a sheet. The extruded sheet is molecularly oriented in the 
longitudinal (machine) direction and sometimes in the lateral (transverse) direction. The 
oriented sheet is then cut into strapping having the desired width. 

FIG. 2 illustrates one embodiment of an extruder feed throat arrangement 12 
designed for extruder 14. The polyester pellets 48 are heated to about 175-180°C and dried, 
and are fed to the feed throat using a metering device 50 at a predetermined rate. The 
polyolefin pellets 54 are fed from one side of the feed throat using a separate metering device 
52. A bed 60 of polymer pellets is maintained at the bottom of the hopper 12, when extruder 
14 is full. 

It is desirable to prevent the polyolefin pellets from melting and sticking to the 
side of the feed throat 12, which would prevent them from reaching the extruder 14. To 
accomplish this, a deflector plate 56 is positioned above the region where the polyolefin 
pellets enter the feed throat 12. The deflector plate 56 prevents the hot polyester pellets from 
directly contacting the polyolefin as it is being fed. Furthermore, the polyolefin pellets are fed 
into a jacketed channel 58 which can be continuously cooled using water or another cooling 
fluid. The jacketed channel 58 extends all the way to the extruder 14. The jacketed channel 
58prevents the polyolefin pellets from being heated to a softening or sticking temperature, and 
prevents the polyester pellets from contacting the polyolefin pellets, until after both polymers 
have entered the extruder 14. Alternatively, the polyolefin pellets may be added directly to 
the polyester stream at the feed throat, or melted and added directly to the extruder. 
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While the embodiments of the invention described herein are presently 
preferred, various modifications and improvements can be made without departing from the 
spirit and scope of the invention. The scope of the invention is defined by the appended 
claims, and all changes that fall within the meaning and range of equivalents are intended to 
5 be embraced therein. 
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